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NONNEGATNITY CONSTRAINTS AND INTRATEMPORAL 

UNCERTAINTY IN A MULTI-GOOD LIFE-CYCLE MODEL 

PIM ADANG  AND  BERTRAND  MELENBERG 
Department of Econometrics, Tilburg University, The Netherlands, PO Box 90153,5000 LE,Tilburg 
SUMMARY 
In  the  standard  multi-good  life-cycle  consumption  model  (with  intertemporal  additive  utility)  the 
intratemporal relations between the marginal utilities of  the different goods are deterministic. However, 
these  deterministic  identities  will  not  usually  be  satisfied by  the  data.  To avoid  these  deterministic 
relationships, we apply an approach which consists of introducing inhatemporal uncertainty, and which is, 
in particular, interesting when additional nonnegativity constraints are present. We estimate some simple 
versions of the model with this so-called intratemporal uncertainty. The estimation results are, in general, 
in accordance with the theory, and most versions of the model are not rejected by Hansen and Singleton's 
misspecification test. 
1. INTRODUCTION 
Since Hall (1978) many economists have studied consumer behaviour under uncertainty within 
the context of  the Life-Cycle Hypothesis  (LCH) by means  of  Euler equations. The standard 
LCH states that a consumer decides in each period on (total) consumption by maximizing an 
intertemporally  additive  (von  Neumann-Morgenstern)  expected utility  function  subject  to  a 
lifetime wealth budget constraint. From the first order conditions of  this optimization problem 
one can derive Euler equations, which have an attractively simple form: The marginal utility of 
consumption evolves according to a random walk with trend. By using the Euler equations, the 
model  can  be  estimated by  the  Generalized  Method  of  Moments  (GMM), as  proposed  by 
Hansen and Singleton (1982). 
If Hall's (1978) life-cycle model is extended to deal with more than one good per period, the 
first-order conditions  that  should hold  at the optimum  not only result  in  intertemporal  Euler 
equations but also imply deterministic intratemporal relations between the marginal utilities of 
the  different  goods.  The  deterministic  nature  of  these  intratemporal  relations  has  serious 
consequences for empirical  applications of  this model. The intratemporal relations must hold 
exactly for each observation in the data set used  for the particular  application. As  it is very 
unlikely,  or  even  impossible,  that  this  requirement  will  be  met,  the  presence  of  such 
deterministic relations indicates some form of misspecification. 
In  order to overcome this misspecification,  the multi-good  version  of  Hall's  (1978) model 
needs  to  be  modified.  Standard  approaches  consist  of  incorporating  random  preferences  or 
measurement  errors. However, if  one considers  models  extended with inequality constraints, 
such as nonnegativity constraints, these modifications can have some disadvantagese. In order to 
obtain empirically applicable moment restrictions, one has to impose assumptions that do not 
always seem reasonable. 
Alternatively, one can modify the life-cycle model by allowing the uncertainty in the model 
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to be not only intertemporal of nature but also intratemporal. This modification, initially noticed 
by Melenberg and Alessie (1989), has the advantage, considered from an econometric point of 
view, that deterministic intratemporal  relationships  are converted  into moment restrictions  or 
that these can no longer be obtained, whereas intertemporal Euler equations can still be obtained 
under reasonable assumptions. In Section 2 we discuss the incorporation of this intratemporal 
uncertainty into the life-cycle model. We argue that this modification of the life-cycle model is 
also reasonable from an economic point of view, and we make a comparison with the alternative 
approaches, in particular random preferences.' In Section 3, the estimation and testing results of 
some  (relatively  simple)  two  good  versions  of  the  life  cycle  model  with  intratemporal 
uncertainty  are  presented.  For  this,  a  Dutch  panel  containing  information  on  the  monthly 
expenditures  on  several  commodity  categories  is  used.  The  estimates  are,  generally,  in 
accordance  with  consumer  theory.  The test  results  imply  that  all  but  one  of  the  versions 
incorporating intratemporal uncertainty are not rejected. 
2.  THE LIFE-CYCLE MODEL WITH INTRATEMPORAL UNCERTAINTY 
2.1.  A standard life-cycle model formulation 
Our  starting-point  is the  familiar life-cycle model  in which  consumers are confronted with 
uncertainty induced by variables  such as income, prices, interest rates, and taste shifters. We 
shall call these input variables. Following the literature, we assume uncertainty in the sense that 
future realizations of  these input variables  are  unknown, but that the probability  distribution 
generating these variables is known to the consumer and remains unaffected by the consumer's 
actions. 
In the standard approach  (cf. Hall,  1978) it is assumed that at the beginning of  a particular 
period t the consumer knows the realizations of the input variables up to and including period r, 
whereas the variables dated t + 1 or later are uncertain.  In  period  r  the consumer determines 
period t's  consumption and plans consumption for the periods  t> t. The planned consumption 
of period z is allowed to depend upon the input variables up to and including period z. 
In the resulting standard life-cycle model a consumer solves at the beginning of each period 
t = 1, ..., L, with L the consumer's lifetime, the following problems: 
where q, is an M-dimensional vector of quantities of goods in period z,  p, is the corresponding 
M-dimensional price vector, y, denotes nominal non-property income in period z, 
'In the paper by Melenberg and Alessie (1989) actually only the possibility  of the modification of the life-cycle model 
used in the present paper is noticed  and worked out from a purely technical point of  view. The contribution of the 
present paper is the motivation from an economic point of view as well as a comparison with random preferences. 3  ESTIMATING AND TESTING A LIFE CYCLE MODEL 
r, is the nominal interest rate in period  z, and A,-, is non-human wealth at the end of period 
t-1. 
Let prices, interest rates, and income be the input variables. Assume y,,  p,, and r,-,  to be 
realized at the beginning of  period  z. Then, in period  t,  q,,  z = t, ...,L is allowed to depend 
upon the input variables contained in the set 
The expectation operator, E,, is conditional upon the variables contained in the information set, 
I,, which includes  the set  {y,,  p,, r,,,  ...,y,, p,, r,-,}. Hence we can write,  for some function 
f(.): E,[f(.)l=  ~[f(.)l  I,]. 
Hall (1978) considered only total consumption, and obtained the Euler equation by means of 
a calculus of variations technique. In the multi-good case studied here that same technique can 
be applied to  obtain in addition  to the Euler  equations  the following intratemporal  relations 
between marginal utilities: 
These  relations  are deterministic  of  nature,  and  will  generally  not  be  satisfied in  empirical 
applications, indicating model misspecification. In order to avoid this misspecification, the usual 
approach is to add randomness  to the model, which concerns the econometrician  but not the 
consumer. For instance, in case of the two-stage budgeting approach one uses equation  (3) to 
derive  a demand  system, which is estimated after tacking  on error terms.  See, for example, 
Blundell (1987), Blundell et al. (1991), and Alessie  et al. (1989). Possible motivations for the 
additional randomness may be that the researcher does not exactly know the functional form of 
the utility function, i.e. random preferences  (cf. MaCurdy, 1983), or that measurement errors 
are present (cf. Altonji and Siow, 1987). 
In  order  to  avoid  equation  (3),  let  us  take  two  goods  and  assume  random  preferences. 
Measurement errors can be dealt with analogously. Make u, dependent upon a random parameter 
a,  with probability distribution Pa.  A straightforward way to introduce random preferences is to 
take2 u,(ql,, q,,) = fi,(q,,, q,,) + a,q,, + a2q2,, with  fi,  not  a  function  of  a. Equation  (3) 
becomes: 
Obviously, the above equation is not a deterministic relationship, due to the occurrence of a. If 
we  make  the  assumption  that  a=(a,, a,)  is  independent  of  the  input  variables  and  has 
expectation (0, 0), then taking expectation in equation (4) with respect to Pa  leads to 
where Ea  is still needed, since q, will depend upon a.  For the sample analogue of equation (5) 
a is not needed, so that (5) is empirically applicable. In addition, the standard Euler equations 
will remain in force under the same modifications and assumptions regarding a. Thus the life- 
cycle  model  (1)  can  be  estimated  and  tested  by  combining  the  usual  Euler  equations  and 
moment restrictions (5). 
Thus,  in  the  case  of  model  (I), it  is  straightforward to  avoid  the  occurrence  of  (3)  by 
imposing,  for  instance,  random  preferences.  Consider  next  the  case  where  additional 
nornegativity  constraints  are present.  We shall concentrate  on  the case with  two  goods  per 
This choice is particularly attractive in the case of a quadratic utility function (cf. Section 3). 4  P.ADANG ANDB.MELENBERG 

period, where the nornegativity  constraint may  be binding  with respect to the second good. 
Thus, in addition to equation (I), we require 
The following Euler equations can easily be derived: 
with  I@,,,(q2,) the  usual  indicator  function.  Without  additional  randomness,  equation  (3) 
remains valid for q2,  > 0, i.e. we have3 
Suppose that we want to avoid equation (8) by assuming random preferences of the form also 
used in the standard case. Instead of equation (8) we then obtain the following equation (cf. the 
transformation from equation (3) to equation (4)): 
Like equation (4), equation (9) is a nondeterministic one, due to the presence of  a.  The Euler 
equations  (7a)-(7b)  have to be transformed into the  following two equations, respectively, 
where the additional terms are analogous to the one occumng in equation (9): 
El[[(Jfit+l (qt+1)IJq1,t+  l)/(il,t+lPl,t+l)  -(Jfit(qt)/Jq2,1)1~21 
+ a1 /(it,t+l/~l,t+l) - a2Ip21 II(@-)(q2t)l=  0  (lob) 
If we now average over a and impose that a is independent of the input variables and has 
zero expectation (cf. the transformation from equation (4) to equation (5)),it is obvious that in 
equation (10a) the term in which a is explicitly present will disappear. For equations (9) and 
(lob), however, we need4 
Ea[[(al/~lt - 0 a,l~,t)l~(o,-)(q2t)l=  (lla) 
Ea[[(al/(it,t+  l~l,t+l)  - 0 ~~IP~~)II(o,-)(~z~)I=  (1 lb) 
where equation (1 la) corresponds to (9) and  (1 lb) to  (lob). In general, both (1 la) and (1 lb) 
will  not  follow  from  a  only  being  independent of  the  input  variables  and  having  zero 
expectation. The reason is clear: q,,  is a (generally unknown) function of  a. Therefore, both 
equations (1 la) and (1 lb) consist of products of the exogenous random terms a, and a, and the 
endogenous censored variable I(,,,,(q2,),  which depends upon a. These products will not have 
zero expectation (unless, of course, either q2,  = 0 or q,, >  0 with probability one). It is not easy, 
if  possible at all, to  strengthen the assumptions on a in a reasonable way such that they will 
imply equations (1 la) and (1 lb). 
Thus the situation is as follows. Without random preferences,  one will have to  reject the 
model on the basis of equation (8). With random preferences (of the form presented), one can 
actually only use the Euler equation (7a) or, equivalently, (10a). Using also equations (9) or 
Thus, if q,,  > 0,  equation (8) is equivalent to equation (3), and if q,,  = 0, we have the obvious identity 0 = 0. 

In  equation (1lb) the expectation with respect to a is conditional upon p,,+,and  it,,+, . 
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(lob) requires the imposition of conditions (1  la)  or (1  lb), respectively. These latter conditions, 
however, are ad hoc, and can hardly, if at all, be motivated. 
Similar consequences are to be expected if we consider other forms of random preferences 
(or, alternatively, measurement errors). Therefore, we shall discuss an alternative modification 
of  the  life-cycle  model  formulation, which  avoids  the  occurrence  of  relationships  such  as 
equations (3) and (S), but whlch nevertheless allows one to obtain both Euler equations (7a) and 
(7b), under quite plausible assumptions. This will be the topic of the next subsection. 
2.2.  Intratemporal Uncertainty 
Melenberg and Alessie  (1989) generalize the standard life-cycle model by no longer assuming 
that the consumer's  uncertainty  pertaining to a particular  period  z  completely resolves  at the 
beginning of that period (the moment the consumer is supposed to decide). Instead, they allow 
the uncertainty to resolve partly during the period, and also, loosely speaking, differently with 
respect to different goods. 
From  a technical  point of  view, their approach basically  consists of using, in the case of 
period z, not just one set of input variables upon which all the components q,,, ..., q,,  of q, are 
assumed to depend.  Instead,  they  allow  for M different  sets in  each period  t, one for each 
consumption good q,,,  rn = 1, ..., M. Define for each t 2  t (assuming that only prices, income, 
and interest rates induce uncertainty): 7, = (y,, pi,  r,-, )'. Then assume q, = (7; ,qi)', with the 
interpretation  that the  realization  of  7,  is known  at the beginning  of  period  t,whereas the 
realization of q,  is not yet known. Using this notation, the set of input variables corresponding 
to  good  rn  in  period  z  is  no  longer  given  by  equation  (2),  but  becomes  (q,, 
q,+],  ...,qr-],  q,, qmr},  where q,,  consists of those elements of 9,  which the consumer knows 
when deciding upon q,,.  Notice that the standard modelling corresponds to 7, = q,,  t  = t,  ...,L, 
so that q,,  and l;, are empty for all rn  and t. 
The present modification implies that the expectation operator El becomes conditional upon 
the variables contained in the original information set I,,except the variables of period t which 
realizations are not yet known at the beginning of period  t. Thus q  is excluded from I,.Denote 
the new information set by I:.  Then we can define E,[f(.)] =~[f(.)) I:]. 
Using this way of  modelling the consumer's  uncertainty, we avoid the restrictive and also 
arbitrary assumption that the consumer, when deciding or planning at the beginning of a period, 
already knows the realizations of  all input variables concerning that period. Various examples 
can  be  devised  to  motivate  the  present  generalization.  A  simple  one is to  assume  that  the 
realization of the prices takes place during a period and in some order, for example, given by 
the numbering of the goods. For instance, think of a consumer going from market to market in 
each period. Suppose the consumer wants to consume each good as soon as its price is known. 
This can be modelled by assuming that  q,, does not contain p,,,  ...,p,,,  q,,  does not contain 
p3,, ...,pwr,  and so on. Thus q,, is not a function of p,,,  ..., pZw,, so that, as soon as p,, is known 
and p,,,  ...,p,,  are still unknown, the consumer nevertheless knows (how to choose) q,,. In this 
construction,  q,,  does not  depend upon the price  realizations of  the other goods but it will 
depend upon them through the probability  distribution  of  the input variables  (which includes 
these prices). In this example one can change, without difficulty, the ordering of the goods. In 
addition, the ordering of the goods may be different for different consumers. 
The  price  example is just  one possible  reason  for intratemporal  uncertainty.  As  another 
example, suppose that a consumer's income stream arises from two sources: labour income and 
a holiday allowance. Some consumers may then wish to make vacation expenditures dependent 
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only to depend upon labour income. Such an arrangement will  also introduce intratemporal 
uncertainty. It can easily be allowed for in the present framework. 
In what follows we shall assume intratemporal uncertainty, however, without specifying its 
origin. All we impose is that qmr  is nonempty, and that q,,  # qnr,  for m + n. 
2.3.  The construction of moment restrictions 
In order to derive Euler equations and moment restrictions in the modified life-cycle model, we 
shall apply a Lagrange multiplier rule as given in, for instance, Neustadt (1976, Chapter 3). We 
concentrate  on  a  life-cycle  model  with  two  goods,  extended  with  inequality  constraints 
concerning the second good. According to the first-order conditions, there should hold for all 
possible functions  (h:, ...,h;)'  of  the  input variables, where h, =(h;,,h;,)',  z = t, ...,L,  and 
where h,,  is allowed to depend upon the same input variables as q,,,  m = 1,2, z = t, ..., L: 
together with 
Here,  A,  is the Lagrange multiplier corresponding to  the lifetime  wealth  budget  constraint, 
which is a function of  all  input variables, and p,,,  z = t, ...,L, are the Lagrange multipliers 
corresponding to the nonnegativity constraints, which are allowed to depend upon the same 
input variables as q,,,  z = t, ...,L, respectively, and which have to be nonnegative. 
By choosing the h-functions in equations (12) and (13) in a suitable way, we may be  able 
to  obtain  empirically applicable moment  restrictions,  i.e.  moment  restrictions in  which  the 
unknown Lagrange multipliers do not show up. 
Notice first that the deterministic relationship (8) cannot be obtained now. In order to derive 
(8) we have to choose something like h,, = (l/pl,)I~o;,,(q2,),&, = -(l/p,,)Z,,,,,(q,,),  and the 
other h-functions equal to zero.5 However, in case of  intratemporal uncertainty, q,, depends 
upon input variables other than q,,.  Consequently, the presented choice for h,, is not allowed, 
since it depends upon q,,,  and thus upon the input variables of q,,. 
Therefore,  in order to obtain empirically applicable moment restrictions, other h-functions 
have  to  be  chosen.  For  a first empirically applicable moment  restriction, take  h,,  = -l/p,,, 
h,,,,,  = l/(i,,,+,pl,,+,), and the other h-functions equal to zero. This results in the Euler equation 
(7a) for the first good. Equation (7b) can be derived by  taking all h-functions equal to zero 
except  hit= (-l/~,t)I(o,~)(q,t)  and  ~I,,+I=  Using  equation  (13)  (l/(it,t+~~~,t+i))xI(@~)(q,t). 
and the nonnegativity of p,,  to ensure that the term E,[p&.,]  in equation (12) equals zero, 
equation (7b) will follow. 
Thus the null hypothesis that can be tested consists of  both Euler equations (7a) and  (7b). 
The model cannot be rejected on the basis of equation (8), since this restriction is not allowed. 
The alternative hypothesis contains as a special case random preferences of the form discussed 
in  Section 2.1,  at least if  equation  (1  lb) does not  hold.  Accepting  the null  hypothesis  is, 
therefore, an indication that this form of random preferences might not be present. Of course, 
Formally, we must be able to choose h,, = A x [(l/p,,)lo,,(qz,)]and h,,  = A x [(-l/p,,)l~Q,,!q,,)], with A the left- 
hand side of equation (8). Substituting these choices into equation (12) gives E, [A],  = 0, or, equivalently, equation (8). 7  ESTIMATING AND TESTING A LIFE CYCLE MODEL 
other forms of random preferences and measurement errors are also included in the alternative 
hypothesis. 
In order to test the null hypothesis, one can construct unconditional moment restrictions from 
equations (7a) and (7b) in the usual way. Notice that the instruments, to be used  in case of 
period  t,  may only depend upon what is known by the consumer at the beginning of period  t, 
i.e. I,'.This is a slight but important difference with the standard approach. 
Finally, we briefly consider the life-cycle model without  inequality constraints  (p,, = 0 in 
equation (12)). If we choose hi, = 1  lp,, and h,,  = -1  /p,,  and all other h-functions equal to zero, 
we obtain from equation (12), instead of equation (3): 
With intratemporal uncertainty, we have to allow for nonempty q,, and q,,,  with  q,, # q,,,  so 
that the components not entering both q,, and q2, have to be averaged out, hence the expectation 
operator  in  equation  (14).  Thus  now  the  deterministic relationship  (3)  is  converted  into  a 
moment  restriction.  The  standard  Euler  equations  are  obtained  by  choosing  h,,  = -l/p,,, 
h,,,+l =  ) (m = 1  /(it,t+lpm,t+l  1 or 2), and the other h-functions equally zero: 
E,[(~~,+l(q,+l)l~qm,,+l)l(i~,t+l - =O (~~,(q,)/~q,t)l~,,l  (15) 
In the next  section we shall test  some versions of the life-cycle model with  intratemporal 
uncertainty. By assuming intratemporal uncertainty, we do not claim that random preferences or 
measurement errors cannot be present. The present approach only avoids the need for them: One 
can test various versions of the life-cycle model in which random preferences or measurement 
errors do not play  a role  without  having to reject  such models  immediately  on the  basis  of 
intratemporal deterministic relationships that are not satisfied. 
3.  EMPIRICAL APPLICATION 
3.1.  The data 
The objective of this section is to assess the empirical relevance of the life-cycle model with 
intratemporal  uncertainty  and nonnegativity  constraints with respect to one of the goods. We 
will do this on the basis of a two-goods version  of the life-cycle model. For comparison, we 
shall also report the results of a two-goods life-cycle model without nonnegativity constraints. 
The data come from the so-called 'Intomart consumer expenditure panel'. This panel contains 
information on monthly  expenditures of  households on  several  commodity categories, and a 
number  of  demographic  characteristics  of  these  households  (including  social  class  and 
household  composition)  which  are  registered  on  an  annual  basis.  As  prices  we  added  the 
national price indices corresponding  to the commodity classes as reported  by the Netherlands 
Central  Bureau  of  Statistics.  The  panel  covers  the  42  months  from  April  1984 through 
September 1987. 
There  are  some characteristics  of  the  data  set  that need  to  be  reported.  First,  almost no 
household participates in the panel for the complete spell April 1984-September  1987. Only 91 
of  the  2897  households  participate  in  all  42  periods.  Second,  when  constructing  sample 
analogues of  the  moments  that  are used  in  estimation,  different  moments  correspond  with 
different  data  requirements.  The  way  in  which  we  formulate  the  moment  restrictions  (see 
Section 3.2)  implies that all 32,456 observations (households  times periods)  can be used  for 
constructing  sample  analogues  of  the  intratemporal  moments  which  have  a  demographic 
variable  as  instrument.  For  the  intratemporal  relations  which  have  the  one-period  lagged 8  P. ADANG  AND  B.  MELENBERG 
expenditure or  price  as  instrument,  as  well  as  for  the  intertemporal ones  which  have  a 
demographic variable as instrument, we only use those households participating at least two 
consecutive  periods.  This  requirement  is  met  by  29,732  observations  reported  by  2566 
households.  Finally,  for  the  intertemporal  restrictions  which  have  the  one-period  lagged 
expenditure or price as instrument, we only use those households that participate at least three 
consecutive periods. This requirement reduces the number of  observations that can be used to 
27,334, which are reported by  2382 households. We make the assumption that both types of 
selection (attrition in the original panel and selection resulting from creating sample analogues 
of the different moment restrictions) are random. 
3.2.  Moment restrictions 
As mentioned above, the application is limited to the two-goods case. Consider as categories 
vacation and  nonvacation. As  can  be  seen from Table I, vacation  is  a clear example of  an 
infrequently purchased good, which implies that the nonnegativity constraint for this good will 
be  binding  for many observations. In  the version without nonnegativity  constraints, the two 
goods are food and non-food. Depending on which model is estimated, either food or vacation 
is the second good. 
The  following specification is  chosen.  We  assume  that  the  intratemporal utility  function 
depends on tonly through the discounting factor, i.e. 
with  p the time preference rate, assumed to be constant over time as well as over households. 
Second, as it is not clear which observable interest rate corresponds to the interest rate of  the 
model, the r, - s in equation (1) are taken to be unknown parameters. Since the actual interest 
rates, which might have been used for r,, remained stable over the sample period, we assume 
Table I.  Percentage of  households with zero vacation expenditures 
Period  NH  PZ  Period  NH  PZ  Period  NH  PZ 
NH =number of households participating in the original panel in a certain month. 

PZ =percentage of these households that register zero expenditures for vacation in that month. 

Period 1 = April 1984. 

Period 42  = September 1987. 
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that r, is constant over time. This assumption reduces the number of parameters  considerably, 
but  implies  that  we  are not  able to estimate the  time  preference  parameter  p. We can  only 
estimate the quotient (1 + r)/(l + p). 
We consider a quadratic specification of  the  intratemporal  utility  function  u(.), where  the 
normalization a.c -b2= 1 is imposed to ensure identifi~ation:~ 
where a (=(I + b2)/c), b, c, d and e are parameters to be estimated. 
As  a generalization of this  basic version we will make the parameters  d and  e household 
dependent, thus allowing the bliss point of the quadratic utility  function  (be - cd for the first 
good, and bd-(1 + b2)/c  for the second) to be household-specific. The particular  form in which 
we model this is as follows, with fs the household size: 
d = do+ dl  .log(  fs), e = e,  + el  .log(  fs)  (17) 
The chosen  specification  may  seem rather  restrictive.  However,  since our main  interest  is in 
investigating  the  empirical  applicability  of  the  Life-Cycle  Hypothesis  with  intratemporal 
uncertainty, we kept the specification of the life-cycle model as simple as possible.' 
We use the moment restrictions derived in Section 2. For the vacation/nonvacation case one 
could derive the moments on the basis of equations  (7a) and (7b). A disadvantage of equation 
(7b)  is  that  it only  uses  those households  in  period  t, which  register  a positive  amount of 
consumption of vacation in this period. As can be seen from Table I, this implies that for this 
second moment most observations will be left unused in estimation. Although from a theoretical 
point of view not using these observations should not affect the outcome, it turned out to lead to 
some  numerical  problems  in  the  empirical  appli~ation.~  Therefore  we  replaced  moment 
restriction (7b) by the sum of (7a) and (7b). This results in two times 41 intertemporal moment 
restrictions. The set of instruments, used to obtain unconditional moment restrictions,  consists 
of the set of demographic variables, described in the Appendix, extended with the one-period 
lagged holiday e~penditure,~  resulting in 1  1 instruments. 
For the food/nonfood case, a system of moment restrictions follows from equations (14) and 
(15). In  equation  (15) we use  the  first good,  i.e.  nonfood.  Notice  that  adding to this  Euler 
equation the intratemporal moment restrictions of the corresponding two periods results in the 
Euler equation of the second good. This latter Euler equation has therefore been dropped. We 
thus obtain 42 intratemporal and 41 intertemporal  conditional moment restrictions. The set of 
instruments  which is used to convert these conditional  moment restrictions into unconditional 
ones consists of a set of demographic variables, described in the Appendix, extended with the 
one-period lagged food expenditure and price of food. This leads to 12 instruments. 
This particular normalization is chosen because it implies that all that remains to be  checked to ensure the concavity 
of the utility function, is whether the parameter c is negative. 
'Notice,  that  more  general  specifications,  like  nonconstant  interest  rates  or  time-preference  rates,  will  hardly 
complicate the theoretical derivation of moment restrictions but are likely to make empirical  analysis difficult, since 
many more parameters have to be estimated. 
'The  computational  difficulties arose  when  trying  to  determine  the  inverse  of  the  outer product  of  the vector  of 
moment restrictions,  which is necessary in  order to  determine the optimal  weighting matrix.  Although this matrix 
should be positive semidefinite, it was found not to be  so. Subsequent computation of the eigenvalues of this matrix 
indicated that some of  them  were very close to zero, but negative. Given the size of the negative  eigenvalues, we 
concluded that this problem was due to rounding errors. 
91n the case of the inclusion of the one-period lagged price of holidays in the instrument set the iterative procedure 
used  to determine  consistent  estimates, which  are needed  for constructing  the  optimal  weighting  matrix,  did  not 
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When constructing sample analogues of the two systems of  moment restrictions it is often 
observed that one should be aware of possible effects of economy-wide shocks. As pointed out 
by, for instance, Chamberlain (1984), Hayashi (1985) and Hotz et al. (1988), if such shocks are 
present, averaging over time is essential to ensure the consistency of the estimators. Therefore, 
we first averaged the moment restrictions over time.''  In the holiday/nonholiday case we thus 
end up with 22 moment restrictions, and in the food/nonfood case with 24 moment restrictions. 
The resulting  systems of  moment restrictions are estimated by  means  of  the  Generalized 
Method  of  Moments  (GMM),  using  the  efficient weighting  matrices,  as  discussed in,  for 
instance, Hansen and Singleton (1982). 
3.3.  Estimation results 
In  Table 11  the  estimation results  for the  different  versions  of  the  two  models  are  given. 
Comparing the holiday and food cases we can see a clear difference which concerns not so much 
the estimates but the corresponding standard errors. In particular, the estimates of the parameters 
corresponding to the linear part of the utility function, i.e. do,  dl,  e,,  and el,  have large standard 
errors in the food cases. A possible explanation for this is that these parameters correspond with 
terms in the moment restrictions which are mainly determined by prices. 
Although all are rather stable during the survey period, the price variation in the food cases is 
even smaller than the variation in the holiday cases. Therefore the estimates of these parameters 
are likely to be less precise in the food cases. 
Turning next to the estimates themselves, it can be seen from Table 11 that the estimate of the 
parameter  c  is  negative  (and  significant) for  all  cases,  implying  a  strictly concave  utility 
function, as required." 
Another condition that should hold for the models to be consistent with consumer theory is 
that the bliss point  (i.e. the top of  the  'utility hill') is located such that all observations are 
situated on the part of the utility function where it is increasing in both its arguments.12 For the 
basic  versions  of  the  food  case  (foodl),  this  requirement  is  met  by  all  reported  food 
expenditures and by  all but 0.9% of  the nonfood expenditures. For the basic holiday version 
(holidayl) the percentage of wrongly situated observations rises to 2.8 for the holiday and 2.1 
for the nonholiday goods, respectively. 
The dependence of  the parameters d and  e on the logarithm of the household size for the 
household-specific versions implies a similar dependence for the bliss point. Hence, the above- 
mentioned 'bliss point condition' must be checked for each household size separately. As can be 
seen from Table 11,  the estimates of  the parameters dl and  el are positive in  all versions, 
implying that the bliss point increases with the household size, as one would expect. Notice that 
although neither of the estimates of these parameters is significantly different from zero for the 
food version, the value of the Wald statistic, T2, reported in Table 11, nevertheless indicates that 
they are jointly significant. 
"There  is also a practical reason  for doing this, since if the moment restrictions  are not averaged over time there 
would  be  830 of  these  restrictions.  Obtaining  efficient  GMM  estimates  requires  a  square  matrix  weighting  the 
moments. In order to determine this matrix of dimension 830 x 830 a matrix of the same dimension must be inverted 
(cf. Hansen and Singleton, 1982). However, the mainframe on which the computations for this paper were performed 
(a VAX 8700) did not allow for matrices of such a dimension. 
l1  Although  (quasi-)concavity  of the utility function is usually required  in models of consumer behaviour,  it is not 
always found in empirical work. See, for example, Hansen and Singleton (1984). 
l2 Observations not satisfying this requirement are incompatible with the assumed rational behaviour of consumers, as 
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Table  11.  Estimation results 

Version  food1  food2  holiday 1  holiday2 

Consumption measured in hundreds of guilders. 

Standard errors in parentheses. 

foodl ,holiday 1 =basic versions. 

food2, holiday2 =versions with household-specific  parameters d and e. 

T1  = chi-square value for Hansen and Singleton's misspecification  test. 

dfl = degrees of freedom of misspecification  test. 

pl  = significance  level of misspecification  test. 

T2  = value of Wald test on significance of combined household effect. 

df2 = degrees of freedom of Wald test. 

p2  = significance level of Wald test. 

Checking the 'bliss point condition' for the household-specific versions, it follows that for the 
food version it is met, as far as food expenditures are concerned, by all observations except two. 
For the nonfood purchases, the percentage of violations varies somewhat with the household 
size (between 0% and 0.6%),but is around 0.2% for most household sizes. The percentages for 
the  holiday  case  are  somewhat  larger,  but  do  not  differ  significantly.  The  percentage of 
rejections for the holiday expenditures varies between 0 and 0.6, whereas this percentage lies 
between 0.4 and  2.4  for the nonholiday expenditures. In general we consider the number of 
observations rejecting the 'bliss point condition' to be acceptable. 
Furthermore, it  can  be  seen  from Table I1  that  for all  cases the  term  (1  + r)/(l+p) is 
estimated close to one. The small standard error for the household-specific food case implies 
that  (1  + r)/(l+ p) is  significantly larger than  one,  which  means  that  the  time  preference 
parameter  p  is  smaller  than  the  nominal  interest  rate.  The  corresponding  estimates  of 
(1  + r)/(l+p) indicate that this difference, although significant, is really quite small. Of greater 
importance is that under the assumption that r is positive, which does not seem too unrealistic 
since r is the nominal interest rate, these estimates imply for all versions a positive value for the 
time-preference parameter  p.  This contrasts with  the negative estimates of  p reported in the 
studies of  Alessie  et al.  (1989), Hotz  et al.  (1988), and  Eichenbaum  et al.  (1988). Since a 12  P. ADANG AND B. MELENBERG 
negative value of p implies the postponement of all consumption until the last period, such an 
outcome is counterintuitive. 
Finally, the  results  of  Hansen  and Singleton's  (1982) test on  overidentifying  restrictions, 
which is a general misspecification test, are presented in Table 11. The resulting values for the 
food cases do not lead to rejection of the models. Furthermore, a comparison of the basic food 
version and the household-specific food version shows that the household dependency that was 
introduced does not improve the test results, despite the earlier reported joint significance of the 
household-effect.  In  contrast,  for  the  holiday  case,  incorporating  the  household-specific 
components  in the utility  function  does lead to a considerable improvement,  as it results  in 
acceptance of the model.13 Notice that we also do not reject the model in favour of a version 
with random preferences as discussed in Section 2.1, for which equation (1  1) does not hold. 
4.  SUMMARY OF  CONCLUSIONS 
In  this paper  we have  studied a problem  inherent in the often-applied multi-good version  of 
Hall's  (1978) life-cycle model,  i.e. the  fact that the first-order  conditions  characterizing  the 
optimal consumption path imply not only intertemporal Euler equations but also deterministic 
intratemporal  relations.  As  these  deterministic  relations  will  generally  not  hold  exactly  in 
empirical  applications, their presence indicates a form of  misspecification.  Several ways  of 
modifying the life-cycle model in order to overcome this problem are possible. Because of its 
general  applicability, we have  chosen the modification  proposed  by  Melenberg  and Alessie 
(1989), who extend the standard life-cycle model by dropping the assumption that there is no 
uncertainty  within  the  consumer's  decision  period.  Instead,  the  consumption  plan  for each 
period is allowed to depend on some input variables, which are still uncertain at the beginning 
of the period but are realized during the period. As a consequence of the presence of this so- 
called intratemporal uncertainty, the intratemporal relations need no longer hold exactly for each 
separate  consumer  but  only  'on  average',  while  the  intertemporal  Euler  equations  remain 
essentially unchanged. 
In order to assess the empirical relevance of the modification, we estimated and tested some 
two-good  versions  of  the model,  using  a panel  running  for 42 periods  during  which  2897 
households participated, which resulted in a total of about 30,000 observations. The following 
conclusions can be drawn from the estimation and testing results presented in Section 3. 
First,  the  estimates are generally  in  accordance with  the  theory,  i.e.  the estimated utility 
functions are concave and increasing in their arguments for almost all observations; the bliss 
points are increasing with household size; and in all versions the estimates imply a positive time- 
preference parameter. 
Second, the results of Hansen and Singleton's  (1982) misspecification  test show that, apart 
from the basic holiday case, all estimated versions are accepted. Given the rather parsimonious 
specifications  we  used,  this  result  may  be  somewhat  surprising.  It  might  indicate  that  the 
misspecification tests we used lack some power. On the other hand, it might also support the 
intratemporal  uncertainty  approach,  since the  same dataset has also been  applied by  Alessie 
et al.  (1989),  who  find  quite  less  plausible  results,  although  their  specification  differed 
substantially from ours. 
The general applicability  of the intratemporal  uncertainty  framework is, in our opinion, an 
"For completeness, we also checked whether the intratemporal equations held exactly, as they should if the standard 
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important advantage. By malung use of  this advantage,  more complex life-cycle models can 
also be estimated  and tested. For instance, in Adang  (1991) a specification is used which is 
often applied  in  labour  supply  studies, i.e. fixed costs related to entering the labour market. 
Investigating this and other specifications will be the topic of further research. 
APPENDIX: THE INSTRUMENTS USED IN THE ESTIMATION AND TESTING 
The following variables were included as instruments (cf. Section 3.2): 
Constant term 
One-period lagged expenditure on food and holiday, respectively 
One-period lagged price of food for the basic model 




Number of household members older than 11 
Number of children between 0 and 6 
Number of children between 7 and 1  1 
Number of children between 12 and 17 
Number of children older than 18 
Because the demographic variables are reported only once a year, and since the changes of 
these  variables  over time  are limited, we decided  to keep them  constant  over the complete 
survey period. That is, the instruments were given the value reported by the household in the 
first month it participated in the panel. 
The  following  values  are  possible  for  the  variables  degree  of  urbanization,  region, 
province,and social class: 
Degree of urbanization 
1=villages with more than 50% agrarians 

2 =villages with between 40% and 50% agrarians 

3 =villages with between 30% and 40% agrarians 

4 =villages with between 20% and 30% agrarians 

5 = industrialized rural villages with less than 5000 inhabitants 

6 = industrialized rural villages with between 5000 and 20,000 inhabitants 

7 = commuter suburbs 

8 = small cities with between 2000 and 10,000 inhabitants 

9 = small cities with between 10,000 and 30,000 inhabitants 

10= medium cities with between 30,000 and 50,000 inhabitants 
11= medium cities with between 50,000 and 100,000 inhabitants 
12= large cities with more than 100,000 inhabitants 
13= Amsterdam, Rotterdam, The Hague 
Region 
1= the four major cities (Amsterdam, Rotterdam, The Hague and Utrecht) 

2 =remainder of western part of the Netherlands (except 1 and 6) 

3 = northern part of the Netherlands 
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4 =eastern part of the Netherlands 

5 = southern part of the Netherlands 










4 = Overijssel 





7 =Noord Holland (except 12) 







12= Amsterdam, Rotterdam, The Hague 
13= Flevoland 
Social class 
5 =upper class 

4 =upper middle class 

3 =middle class 





Because the differences between the different values of the urbanization variable are minor, 
we also estimated the models using a less detailed urbanization variable as instrument. The value 
one of this new variable corresponds to the values one to five of the old one, the value two to the 
values six to ten, the value three to the values eleven and twelve and the value four to the value 
thirteen.  Moreover,  because  the  variables  region  and  province  are  correlated  (though  not 
perfectly), we also re-estimated the models of Section 3 excluding the province variable from 
the instrument set. Both these changes did not alter the outcome of the estimation process in any 
significant way. 
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